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THE  GRINDING  OF  SPRUCE  FOR  MECHANICAL 

PULP. 


COMMERCIAL  GRINDING  PRACTICE. 

The  commercial  manufacture  of  ground-wood  pulp  is  generally  not 
conducted  according  to  any  fixed  standards  of  practice.  Each  super- 
intendent or  manager  has  his  own  theories  about  the  method  of 
grinding.  As  a  result,  scarcely  any  two  mills  operate  under  the  same 
conditions,  even  when  grinding  the  same  species  and  turning  out 
similar  products.  This  is  strikingly  shown  in  Table  2,  which  gives 
the  operating  conditions  of  a  large  number  of  mills  throughout  the 
United  States.  For  example,  one  mill  producing  news  paper  has  15 
grinders,  to  each  of  which  is  apphed  135  horsepower;  the  pressure 
computed  to  the  basis  of  a  14-inch  cyhnder  is  17.5  pounds  per  square 
inch,  and  the  peripheral  speed  of  the  stone  is  2,660  feet  per  minute. 
In  another  mill,  also  producing  news  paper,  each  of  the  16  grinders 
has  625  horsepower  applied  to  it  and  uses  a  pressure  of  72  pounds  on 
a  14-inch  cyhnder  and  a  peripheral  speed  of  3,540  feet.  A  variation 
of  from  135  to  625  horsepower  to  the  grinders  is  seen  in  the  example 
cited.  While  these  two  mills  also  show  much  variation  in  other  con- 
ditions of  grinding,  they  do  not  show  the  extreme  conditions,  where 
the  pressure  apphed  to  the  wood  in  grinding  varies,  as  shown  in  the 
table,  from  17.5  to  115.8  pounds  on  a  14-inch  cyhnder,  and  the  periph- 
eral speed  of  the  stone  from  1,360  to  4,310  feet  per  minute.  The 
variation  in  pressure  per  square  inch  of  pocket  area  would  be  more 
significant,  but  the  data  on  which  to  base  this  computation  were  not 
available  in  all  cases. 

The  reports  of  power  consumption  show  a  range  of  from  31  to  125 
horsepower  per  ton  in  24  hours.  Very  few  mills,  however,  are  able 
to  determine  accurately  the  amount  of  power  consumed  in  the  pro- 
duction of  a  ton  of  pulp,  for  the  grinders  are  nearly  always  either 
geared  or  direct-connected  to  water  wheels  or  turbines.  When  tur- 
bines are  new  it  is  possible  to  calculate  approximately  the  amount  of 
power  produced,  but  as  they  become  old  their  efficiency  decreases, 
and  it  is  impossible  to  calculate  the  power  with  any  degree  of  accuracy. 
It  is  very  probable  that  many  of  the  reported  values  are  erroneous, 
especially  some  of  the  lower  ones,  since  it  has  been  demonstrated  that 
pulp  can  not  be  produced  under  conditions  of  present  commercial 
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practice  with  a  power  consumption  as  low  as  some  of  the  values 
reported. 

In  view  of  the  extreme  variation  in  the  conchtions  of  manufacturing 
mechanical  pulp  it  is  probable  that  some  of  the  mills  are  operating 
under  conditions  of  low  efficiency.  While  the  tests  discussed  show 
that  approximately  the  same  degree  of  efficiency  may  be  reached  by 
different  combinations  of  the  several  variable  factors,  consistent 
combinations  of  these  factors  do  not  prevail  in  the  industry. 

PURPOSE  OF  EXPERIMENTS. 

The  cost  of  produchig  mechanical  pulp  from  spruce  must  necessarily 
increase  with  the  cost  of  the  wood.  In  order  to  cut  down  the  price  of 
mechanical  pulp,  therefore,  it  is  necessary  either  to  substitute  a 
cheaper  wood  for  spruce  or  to  increase  the  efficiency  of  converting 
spruce  into  pulp.  Experiments  are  being  conducted  in  the  use  of 
woods  other  than  spruce  by  the  mechanical  process,  but  before  these 
can  be  carried  to  a  definite  conclusion  it  is  necessary  that  the  influence 
of  many  variable  conditions  of  manufacture  be  determined.  This 
can  best  be  done  by  tests  of  a  standard  wood  hke  spruce.  Coniferous 
woods  are  enough  ahke  to  warrant  grinding  them  under  approxi- 
mately similar  conchtions,  and  the  results  of  the  grinding  tests  on 
spruce  should  be  apphcable  to  the  production  of  mechanical  pulp  from 
other  conifers.  The  study  of  spruce,  however,  is  of  value  not  only 
in  estabhshing  relations  and  standards  by  which  to  compare  the  re- 
sults of  tests  of  proposed  substitutes,  but  also  in  developing  methods 
of  increasing  the  efficiency  of  grinding  spruce  itself. 

The  general  influence  of  the  variable  factors  of  grinding  on  the 
quahty  and  production  of  pulp  has  been  described  in  a  previous 
pubhcation  ^  of  the  Forest  Service,  in  which  the  need  for  a  more 
thorough  study  of  the  conditions  of  grinding  was  indicated.  The 
most  important  factors  which  enter  into  the  production  of  mechanical 
pulp  from  any  species  of  wood  are: 

(1)  Surface  of  stone;  whether  rough  or  smooth,  sharp  or  dull,  or 
of  coarse  or  fine  grit. 

(2)  Pressure  mth  which  the  wood  is  forced  upon  the  revolving 
pulpstone. 

(3)  Peripheral  speed  of  the  stone. 

(4)  Temperature  of  giinding  and  thickness  of  stock  in  the  grinder 
pit. 

(5)  Physical  condition  of  the  wood. 

As  a  result  of  operating  under  different  combinations  of  these 
factors,  certain  other  factors  are  developed,  and  it  w^as  the  purpose  of 

1  "Experiments  with  Jack  Pine  and  Hemlock  for  Mechanical  Pulp,"  by  J.  H.  Thickens. 
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the  experiments  to  determine  the  influence  of  variation   of    these 
upon: 

(1)  Power  appUed  to  the  grinder. 

(2)  Amount  of  pulp  produced  in  24  hours. 

(3)  Power  consumption  per  ton  of  pulp  in  24  hours. 

(4)  Yield  of  pulp  and  screenings  per  cord  of  wood  ground. 

(5)  Quality  of  the  pulp. 

EXPERIMENTAL  APPARATUS.^ 
EQUIPMENT   FOR   WOOD   PREPARATION. 

For  treating  woods  prior  to  grinding  a  steaming  or  treat- 
ing tank,  holding  between  one-fourth  and  one-half  cord  of  wood, 
is  available.  This  tank  is  so  designed  that  the  wood  can  be  loaded 
from  the  top  and  discharged  from  the  bottom.  To  carry  out  tests 
under  different  conditions  the  tank  is  provided  with  steam,  water, 
and  vacuum  connections.  A  40-inch  swing  cut-off  saw  and  a  Rob- 
erts and  Lieberts  Green  Bay  barker  are  available.  A  view  of  the 
wood  room  is  shown  in  Plate  II,  figure  1. 

PULP-MAKING   EQUIPMENT. 

For  grinding,  a  Friction  Pulley  &  Machine  Works  3-pocket  grinder, 
with  cylinders  14  inches  in  diameter,  and  taking  a  stone  54  inches 
diameter  by  27  inches  face,  is  used.  The  grinder  cylinders  are  sup- 
plied with  water  by  two  Gould  triplex  pumps.  Suitable  relief 
valves  are  provided  for  the  regulation  of  the  water  pressure,  and 
pressure  gauges  are  attached  to  each  cylinder.  A  graphic  recording 
thermometer  connected  with  the  grinder  pit  gives  the  temperature 
of  grinding.     A  Lombard  medium-grit  stone  was  used. 

The  grinder  is  driven  by  a  direct-connected,  direct-current,  vari- 
able-speed motor,  regulated  by  adjusting  the  armature  voltage. 
Electric  current,  alternating,  is  obtained  at  2,300  volts.  This  is 
converted  by  a  motor  generator  set  to  direct  current,  the  voltage  of 
which  can  be  fixed  at  any  value  between  100  and  750  volts  by  means 
of  a  rheostat  in  the  generator  field.  The  measurement  of  power 
and  the  control  and  regulation  of  the  motor  are  accomplished  by 
means  of  carefuUy  calibrated  recording,  indicating,  and  integrating 
instruments.  A  graphic  record  is  taken  of  the  power  applied  to  the 
grinder  motor,  and  an  integrating  watt-hour  meter  provided  in  the 
same  circuit  makes  possible  a  check  on  power  consumption. 

The  pulp-screening  system  consists  of  a  Ruth's  centrifugal  screen 
with  a  plate  perforated  with  holes  0.065-inch  in  diameter,  and  oper- 
ated at  500  revolutions  per  minute,   and  a  Harmon   12-plate  flat 

1 A  more  complete  description  of  the  equipment  of  the  Forest  Service  laboratory  at  Wausau,  Wis.,  is 
given  in  an  unnumbered  publication  of  the  Forest  Service,  "Experiments  with  Jack  Pine  and  Hemlock 
for  Mechanical  Pulp." 
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screen,  tlie  plates  of  wliich  are  slotted  with  0.012-incli  slots.  The 
Harmon  screen  is  used  only  in  rescreening  the  tailuigs  of  the  cen- 
trifugal. In  forming  the  pulp  laps,  a  wet  machine  of  the  hydraulic 
3-roll  type  is  used. 

PAPER    MAKING   AXD    TESTING    EQUEPMEXT. 

The  experimental  pulps  were  made  into  paper  and  tested  at  the 
Madison  (Wis.)  laboratory.  A  15-pound  Emerson  beatmg  engine,  a 
2-plate  flat  screen  slotted  with  0.012-mch  slots,  and  a  15-mch  Pusey- 
Jones  Fourdrinier  paper  machine  were  used  in  the  manufacture  of  the 
paper.     A  view  of  the  paper  machine  is  shown  in  Plate  II,  figure  2. 

The  strength  tests  of  the  paper  were  made  by  means  of  a  Schopper 
breaking-length  tester  and  a  Mullen  bursting-strength  tester.  The 
color  tests  were  made  ^\dth  an  Ives  tint -photometer. 

METHOD  OF  OPERATION. 
PREPARATIOX    AXD    TEEATMEXT    OF    THE    WOOD. 

The  wood  for  the  tests  was  sawed  into  2-foot  lengths,  and  the 
bark  removed.  Samples  were  then  taken  to  determine  the  percentage 
of  moisture  and  the  bone-dry  weight  per  cubic  foot.  In  tests  where 
preliminary  steaming  was  apphed  the  steam  pressure  was  raised  as 
rapidly  as  possible  to  the  desired  value  and  maintained  for  the 
specified  time,  after  wliich  the  sections  were  removed  from  the 
steaming  chamber  and  gi^ound  as  soon  as  possible.  The  experiments 
in  which  a  preliminary  steaming  or  cooking  treatment  was  used 
are  not  comprehensive.  Additional  results  on  the  effect  of  such 
treatment  ^vih  be  given  in  a  future  publication. 

A  quantity  of  pulpwood  equivalent  to  approximately  750  pounds 
of  bone-dry  wood  was  prepared  for  each  test.  This  was  ground  as 
soon  as  possible  to  prevent  change  in  its  moisture  condition  from 
that  recorded. 

PULP    MAKIX'G. 

The  pulpstone  was  worked  with  a  bush  roll  or  buiT  until  the 
desired  surface  was  obtained.  A  record  of  the  surface  was  taken 
with  carbon  and  coated  papers. 

To  make  them  comparable  ah  of  the  tests  were  started  on  a  cold 
stone.  It  was  impossible  in  each  case  to  gi'ind  a  large  quantity  of 
wood  for  the  purpose  of  heating  the  stone,  since  tliis  would  have 
duUed  the  latter  and  so  have  obscured  the  effects  of  varying  other 
factors.  Tests  Xos.  143,  144,  and  145  (Table  3)  show  that  starting 
the  tests  with  a  cold  stone  has  very  little  effect  on  the  horsepower 
consumption  per  ton  and  the  production  per  day.  These  three 
tests  were  conducted  under  similar  conditions,  except  that  Xo.  143 
was  run  for  a  period  of  one  horn',  144  for  two  hom^s,  and  145  for  three 
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Plate  II. 


Fig.  1.— Wood  Room,  Ground-Wood  Laboratory,  Wausau,  Wis. 


FiQ.  2.— Paper  Machine,  Forest  Products  Laboratory,  Madison,  Wis. 
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hours.  Tests  Nos.  144  and  145  were  run  on  the  same  day,  and  the 
stone  had  become  thoroughly  heated  before  test  No.  145  was  begun. 
In  almost  all  cases  the  tests  were  conducted  in  series,  throughout 
each  of  which  the  surface  of  stone  was  assumed  to  remain  the  same, 
since  any  change  which  might  take  place  would  not  be  great  enough 
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to  obscure  the  infiaence  of  the  other  factors  under  consideration. 
Figure  1  (runs  137  to  142)  shows  that  actually  the  surface  changed 
very  slightly  during  the  series  of  runs.  In  each  case  the  two  tests, 
which  were  conducted  under  the  same  conditions  of  speed  and  pres- 
sure, check  one  another  very  closely,  although  the  stone  had  been 
76296°— Bull.  127 2 
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used  considerably  between  the  tests  and  the  surface  had  had  an 
opportunity  to  change.  It  was  found  almost  impossible  to  duplicate 
a  surface  by  successive  burrings  so  that  under  conditions  otherwise 
similar  the  power  consumption  and  production  would  remain  the 
same. 

DETERMINATION    OF    QUALITY. 

To  study  the  quality  of  the  pulp  produced  two  methods  were  used — 
microscopical  examination  and  manufacture  into  paper.  The  sam- 
ples for  microscopic  study  were  taken  from  the  wet-machine  vat. 
Slides  were  made  and  photographed,  as  a  means  of  comparing  the 
relative  amounts  of  long  and  short  fiber. 

In  the  manufacture  of  paper  from  the  experimental  pulps  the  laps 
were  shredded  and  sampled  for  the  determination  of  moisture,  and 
on  a  basis  of  this  determination  80  parts  by  weight  (dry)  of  ground 
wood  pulp  were  mixed  mth  20  parts  of  bleached  spruce  sulphite 
pulp.  These  materials  were  beaten  lightly  for  approximately  one 
hour,  or  until  ali  of  the  fibers  had  been  separated.  The  beaten 
pulp  was  then  screened  and  run  into  waterleaf  paper,  the  weight 
of  which  was  maintained  as  nearly  as  possible  at  32  pounds  per 
ream  of  500  sheets  24  by  36  inches.  Uncalendered  samples  of  the 
paper  were  tested  for  thickness,  weight  per  ream,  bursting  strength 
by  Midlen  tester,  tensile  strength  and  stretch  lengthwise  and  cross- 
wise by  Schopper  tester.  Relative  amounts  of  green,  blue,  red,  and 
black  in  the  color  were  determined  by  means  of  a  tint-photometer. 
The  color  determinations  were  made  primarily  for  comparison  mth 
those  on  pulps  produced  Trom  woods  other  than  spruce. 

In  the  determination  of  quality  most  stress  was  placed  upon 
strength.  However,  a  grading  of  the  pulps  by  photomicrographs, 
according  to  standards  selected  from  a  large  number  of  samples 
produced  commercially,  is  given  (Table  5).  Photographs  of  these 
standards  are  shown  in  the  publication,  Experiments  with  Jack  Pine 
and  Hemlock  for  Mechanical  Pulp.  Since  the  grading  by  microscope 
is  not  consistent  with  the  results  of  mechanical  tests  of  strength,  not 
much  reliance  can  be  placed  upon  the  examination  of  the  fiber  for 
the  determination  of  quality. 

So  far  as  the  operation  on  the  machine  is  concerned — and  this  is 
an  important  item  of  quahty — the  tests  furnish  little  information. 
The  paper  machine  on  v/hich  the  pulps  were  manufactured  operates 
at  extremely  low  speed,  and  comments  on  the  freeness  of  the  stock 
and  its  general  action  on  the  presses,  or  wire,  would  have  little  value. 

The  comparison  of  fuiishes  obtained  by  calendering  is  also  of  little 
value  and  is  omitted.  The  machine  was  not  run  continuously,  and 
the  paper  was  therefore  finished  at  varying  temperatures  and  speeds 
of  the  calender  roils. 
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RESULTS  OF  EXPERIMENTS. 
SURFACE   OF   STONE. 

The  condition  of  the  surface  of  the  stone  depends  upon  several 
factors.  The  size  and  sharpness  of  the  individual  particles  of  grit, 
the  ease  with  which  the  binding  material  is  worn  away,  and  the 
manner  of  dressing  the  stone  are  important.  In  these  tests  but  one 
stone  was  used,  and  variations  in  its  surface  were  obtained  by  working 
it  with  steel  rolls  of  different  design. 

The  size  and  sharpness  of  grit  should  be  given  considerable  atten- 
tion, although  this  was  not  done  in  the  work  described.  The  indica- 
tions are,  however,  that  stones  of  fine  grit  are  capable  of  producing 
more  finely  ground  pulps,  and  that  a  stone  of  extremely  coarse  grit 
may  produce  very  shivy  pulp. 

Commercially  a  great  deal  of  attention  has  been  given  to  the  design 
of  burrs  or  bush  rolls.  It  appears,  however,  that  practically  the 
same  quality  of  pulp  can  be  obtained  under  like  conditions  of  pressure, 
speed,  and  temperature  if  the  surface  of  the  stone  is  brought  to  the 
same  condition  of  sharpness  of  grit,  irrespective  of  whether  the  design 
of  the  markings  is  diamond  point,  straight  cut,  or  spiral.  The  purpose 
of  the  depressions  in  the  stone  is  primarily  to  provide  a  path  by  which 
the  ground  wood  can  leave  it.  It  is  possible  that  burrs  of  certain 
design  will  give  a  greater  amount  of  grinding  surface  than  others, 
and  that  the  production  will  in  this  way  be  slightly  increased. 

Plates  III  and  IV  show  some  of  the  bush  rolls  used  in  surfacing 
the  stone  for  runs,  the  data  of  which  are  given  in  Tables  3  and  4. 
The  surface  obtained  by  burring  with  the  rolls  shown  on  Plate  III 
seemed  to  give  more  satisfactory  results  than  any  other  thus  far  tried. 
The  stone  was  first  dressed  with  a  3-to-the-inch  roll,  and  depressions 
were  formed  from  one  thirty-second  to  one-sixteenth  of  an  inch  deep. 
The  stone  was  then  rolled  with  a  12-to-the-inch  spiral-cut  burr  until 
the  spiral  markings  were  plainly  discernible.  It  is  not  at  all  essential 
that  a  spiral  burr  be  used;  any  finely  cut  burr  will  give  approximately 
the  same  results,  the  idea  being,  of  course,  to  raise  the  grit  of  the 
stone.  This  is  best  done  with  a  burr  approaching  the  grit  of  the  pulp 
stone  in  fineness. 

The  important  thing,  so  far  as  quality  is  concerned,  is  to  give  the 
particles  of  grit  the  correct  treatment,  rather  than  to  form  a  deeply- 
grooved  surface  on  the  stone.  An  artificial  pulp  stone  so  constructed 
that  the  binding  material,  although  standing  up  under  high  tempera- 
ture and  high  pressure,  would  wear  away  a  little  more  rapidly  than 
the  grit,  thus  continually  exposing  new  and  sharp  particles  of  grit  for 
grinding,  would  be  of  immense  value  to  the  industry. 
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INFLUEXCE    OX    POWER    COXSUMPTIOX    AXD    RATE    OF   PRODUCTIOX. 

Figure  2  shows,  by  curres  obtained  at  pressures  of  20,  40,  and  60 
pounds,  the  relation  of  three  different  surfaces  of  stone  to  the  power 
consumption  per  ton,  power  to  the  grinder,  and  production  in  24 


-^ 

— . 

, 

"*^ 



» 

» 

^ 

n 

"~ 

■ ■ 

• 



■ 

■ 

{ 

^     1 

- 

— 

1 

' 

"■ 

' 

C4^ 

^ 

^ 

-^ 

5 



> 

i 

r^' 

^ 

^; 



1 

< 

4 

^ 

■ 

o 

§1 


o  v> 

u)  a: 
CM    o 


3  r'l- 


CO  uj      :; 


*"  a.  I 

o  S  c 

a.  o 

o  w  = 


hours.  The  horsepower  per  ton  and  the  power  to  the  grinder  vary 
inversely  ^^'ith  the  degree  of  sharpness  of  the  pulpstone,  while  the 
production  varies  directly  with  the  sharpness.  It  is  of  particular 
interest  to  note  that  the  cui-ves  apparently  come  together  at  a  point 
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Plate  III. 


Fig.  1.— Straight-Cut  Burr,  Three  to  the  Inch. 


Fig.  2.— Spiral-Cut  Burr,  Twelve  to  the  Inch. 

(Advance  U  inches  in  crossing  3-inch  face.) 


Bui.  127,  Forest  Service,  U.  S.  Dept.  of  Agriculture. 


Plate  IV. 


FlQ.  1  .  — DiAMOND-POINT   BURR,    ElGHT  TO  THE   INCH. 
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Fig.  2.— Spiral-Cut  Burr,  Six  to  the  Inch. 

(Advance  li  inches  in  crossing  3-inch  face.) 


Bui.  127,  Forest  Service,  U.  S.  Dept.  of  Agriculture.  PLATE  V. 


Fig.  1.— Surface  of  Stone,  Freshly  Dressed. 


Fig.  2.— Surface  of  Stone  after  Production  of  12.5  Tons  of  Pulp. 


Bui.  1  27,  Forest  Service,  U.  S.  Dept.  of  Agriculture. 


Plate  VI. 


Fig.  1.— Sharp  Stone,  64.5  Horsepower  Per  Ton. 


FiQ.  2.— Dull  Stone,  84.5  Horsepower  Per  Ton. 

COMPARISON    OF    SPRUCE    PULPS    GROUND    ON    SHARP    AND    DULL 

STONES. 

(Magnified  15  diameters.) 


RESULTS   OF   EXPERIMENTS.  13 

representing  approximately  50  horsepower  per  ton.  This  indicates 
that  it  is  impossible,  with  the  apparatus  used,  to  produce  pulp  with 
less  than  50  horsepower  per  ton  in  24  hours,  no  matter  what  pressure 
or  degree  of  sharpness  is  employed.  WheA  a  low  pressure  is  used,  the 
influence  of  the  condition  of  the  stone  on  the  horsepower  consumption 
per  ton  is  more  marked  than  when  higher  pressure  is  appHed.  This 
is  not  the  case  with  the  consumption  of  power  on  the  grinder  and  the 
production  in  24  hours,  which  are  affected  by  the  surface  of  the  stone 
to  about  the  same  extent  at  high  and  low  pressures. 

Figure  3  is  a  series  of  curves  similar  to  those  shown  in  figure  1, 
except  that  they  were  obtained  at  a  speed  of  225  revolutions  per 
minute  instead  of  175  revolutions.  The  same  general  characteristics 
appear  in  this  series  as  in  the  other.  It  is  again  evident  that  the 
curves  showing  the  relation  between  sharpness  of  stone  and  power 
consumption  converge  at  a  point  which  has  a  value  of  approximately 
50  horsepower  per  ton,  the  sharpness  of  stone  being  somewhat  greater 
than  the  sharpest  condition  under  which  the  tests  were  carried  on. 

Plate  V  is  a  reproduction  of  the  surfaces  of  stone  used  in  a  number 
of  tests.  Figure  1  of  this  plate  shows  the  surface  before  any  grinding 
had  been  done,  and  figure  2  shows  the  same  surface  after  12.5  tons 
of  pulp  had  been  ground  under  various  conditions  of  speed  and  pres- 
sure. In  figure  1  the  spiral  markings  are  very  distinct,  while  in 
figure  2  they  are  not  as  much  in  evidence,  and  at  the  same  time  the 
sand  particles,  represented  by  the  black  dots,  are  fewer  in  number. 
This  is  due  to  the  fact  that  many  of  them  have  been  broken  or  worn 
off.  When  grinding  at  30  pounds  pressure  and  225  revolutions  per 
minute,  the  rate  of  production  for  the  first  two  hours  after  dressing 
was  3  tons  of  bone-dry  pulp  in  24  hours,  and  the  power  consumption 
per  ton  112  horsepower.  After  12.5  tons  of  pulp  had  been  made  and 
the  stone  had  become  duU  the  production  f eU  to  1 .89  tons  in  24  hours, 
and  the  power  consumption  increased  to  171.3  horsepower  per  ton 
for  the  same  grinding  conditions. 

INFLUENCE    ON   YIELD    AND    QUALITY. 

The  condition  of  the  surface  of  stone  apparently  has  very  fittle 
effect  upon  the  yield  per  cord  of  wood.  It  is  true  that  with  extremely 
sharp  stones  more  screenings  are  formed  and  possibly  more  fine  fiber 
finds  its  way  into  the  white  water,  but  within  reasonable  limits  of 
sharpness  the  yield  shows  Httle  variation. 

Plate  VI  shows  two  photomicrographs  of  pulp  obtained  on  stones 
of  different  degrees  of  sharpness.  In  one  case  a  consumption  of  84J 
horsepower  per  ton  was  necessary,  while  in  the  other  only  64J  horse- 
power was  required.  The  photographs  indicate  that  a  better  quahty 
of  pulp  is  produced  at  the  greater  power  consu.mption  and  lower 
degree  of  sharpness  of  the  stone.     The  samples  of  paper  made  from 
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various  experimental  pulps  show,  when  tested,  that  paper  from  pulp 
produced  by  the  sharper  stones  has  less  strength  than  that  from 
pulp  ground  on  duller  ones. 


In  the  tests  conducted  on  stones  sharpened  so  that  the  surface  con- 
sisted of  deep  ridges  or  points  and  grooves,  it  was  found  that  the 
quahty  of  pulp  produced  was  uniformly  poor,  consisting  of  very  fine 
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fiber  intermixed  with  coarser  particles.  When  a  very  sharp  surface 
is  used,  the  wood  fibers  are  hterally  ground  to  pieces;  a  larger  per- 
centage of  screenings  is  also  made,  although  not  so  large  as  might  be 
expected.  Under  such  conditions  the  fibers  are  ground  so  short  and 
fine  that  it  is  almost  impossible  to  remove  the  lap  from  the  wet- 
machine  press  roll. 

Deep  grooving  of  the  surface  of  the  stone  causes  more  rapid  pro- 
duction of  pulp,  but  at  the  sacrifice  of  quality.  When  high  power 
without  excessive  sharpness  of  the  stone  is  used,  the  grit  of  the  stone 
comes  more  into  play.  In  fact,  the  grit  of  the  stone,  more  than  any 
other  factor,  influences  the  quality  of  pulp  produced  under  conditions 
of  high  power  consumption. 

PRESSURE  ON  GRINDER  CYLINDERS. 

For  any  given  cylinder  pressure,  the  pressure  at  which  the  wood  is 
forced  upon  the  revolving  grindstone  varies  greatly  with  the  diameter 
and  length  of  the  material.  Besides,  the  wood  may  bind  in  the 
pockets,  and  this  also  results  in  a  variation  of  the  pressure  on  the 
stone.  In  commercial  practice  the  pumps  supplying  the  water  to 
the  grinder  cylinders  often  do  not  have  sufficient  capacity,  and,  as  a 
result,  the  pressure  drops  off  each  time  one  of  the  pistons  is  raised  or 
lowered.  In  order  to  eliminate  this  effect  some  mills  have  installed 
triplex  or  centrifugal-pressure  pumps  which  are  directly  connected 
to  the  grinder  shaft.  By  this  means  the  increased  speed  of  the 
grinder  brought  about  by  raising  one  or  more  of  the  pistons  results 
in  increasing  the  speed  of  the  pump,  thus  raising  the  pressure  on  the 
other  cylinders  of  the  grinder  and  reducing  the  speed  of  the  stone 
to  normal.  This  to  some  extent  brings  about  a  regulation  of  the 
speed,  but  causes  a  wide  variation  in  the  pressure.  Because  it  is 
claimed  that  any  change  in  the  pressure  results  in  a  great  change  in 
the  quality  of  the  pulp,  some  manufacturers  have  provided  their 
grinders  with  devices  which  are  supposed  to  bring  about  uniform 
conditions  of  pressure.  While  it  is  undoubtedly  true  that  the  latter 
greatly  iafluences  quality,  it  is  doubtful  whether  any  appliance  or 
apparatus  thus  far  placed  upon  the  market  eliminates  to  a  marked 
extent  the  variation  of  pressure  of  the  wood  on  the  pulpstone. 

Though  in  the  experiments  discussed  in  this  bulletia  the  pressure 
of  the  wood  upon  the  stone  varied,  it  is  reasonable  to  suppose  that 
the  variation  due  to  difference  of  length  and  diameter  of  the  wood, 
binding  of  the  wood  in  the  pockets,  and  similar  causes,  has  a  fairly 
constant  range  for  any  cylinder  pressure  and  consequently  does  not 
affect  the  deductions  regarding  the  relative  influence  of  different 
cylinder  pressures  upon  production  and  power  consumption. 
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INFLUENCE  ON  POWER  CONSUMPTION  AND  RATE  OF  PRODUCTION. 

Figure  4  shows  the  relation  of  the  pressure  on  the  grinder  cylinder 
to  the  horsepower  per  ton,  power  to  the  grinder,  and  production  in 
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24  hours.  The  three  curves  represent  surfaces  of  different  degrees 
of  sharpness  and  are  plotted  from  the  same  data  as  those  shown  in 
figure  2.     On  the  sharpest  stone  there  is  a  very  slight  decrease  m  the 
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power  consumption  per  ton  with  increasing  pressure,  and  on  the 
dullest  one  a  marked  decrease  in  power  consumption  as  the  pressure 
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is  raised.     The  power  to  the  grinder  varies  directly  with  the  pressure 
on  the  cylinders;  the  same  is  true  of  the  production  in  24  hours. 

The  variation  of  the  same  factors  at  a  speed  of  225  instead  of  175 
I'e volutions  per  minute  is  shown  in  figure  5. 
76296°— BULL.  127—13 3 
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The  relation   between   pressure   on   the  grmder   cyHnder   and   a 

TT 

quantity,  C,  derived  from  the  formula  C  =  p^  where  H  is  the  average 

horsepower  to  the  grinder,  P,  the  pressure  in  pounds  per  square  inch 
of  pocket  area,  and  S,  the  peripheral  speed  in  feet  per  minute,  is 
shown  in  figure  6.  The  quantity  C  is  proportional  to  the  coefficient 
of  friction  of  wood  on  the  stone  under  the  conditions  of  speed  and 
pressure  of  the  tests.  There  is  a  gradual  decrease  in  the  value  of  C, 
as  the  pressure  of  grinding  is  raised.     The  values  for  horsepower  per 

ton  also  decrease  with 
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liigher  pressures,  as 
shown  on  the  curves 
between  pressure  and 
horsepower  consump- 
tion. Of  the  two 
curves  given  in  this  fig- 
ure, one  illustrates  the 
variation  of  C  with 
pressure  when  steamed 
wood  was  ground,  and 
the  other  when  un- 
treated wood  was  used. 
The  variation  of  the 
quantity  C  with  fac- 
tors other  than  pres- 
sure and  condition  of 
wood  may  be  obtained 
from  Tables  3  and  4. 
Figure  7  shows  the 
relation  of  pressure  on 
the  grinder  cylinders 
to  power  consumption 
per  ton,  power  to  the 
grinder,  and  produc- 
tion in  24  hours,  when 
only  two  pockets  on 
the  grinder  were  used  and  the  pressure  was  raised  very  high.  The  de- 
crease in  power  consumption  with  increase  in  pressure  is  seen;  the 
minimum  value  of  the  power  consumption  is  approximately  55  horse- 
power per  ton.  As  was  shown  in  figures  4  and  5,  the  power  to  the 
grinder  and  production  in  24  hours  vary  directly  with  the  pressure  on 
the  grinder  cylinder.  It  is  interesting  to  note  that  under  the  same 
conditions  of  speed  and  surface  of  stone  the  horsepower  to  the  grinder 
would  be  approximately  275  and  the  production  3  tons  of  bone-dry 
pulp  in  24  hours  if  40  pounds  pressure  were  used,  whQe  if  the  pressure 
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were  raised  to  100  pounds  per  square  inch  the  horsepower  required  by 
the  grinder  would  be  doubled,  but  the  production  in  24  hours  would 
be  more  than  trebled. 

Figure  8  shows  the  relation 
between  the  number  of  pock- 
ets used  and  the  horsepower 
consumption  per  ton  of  pulp. 
In  this  test  the  power  to  the 
grinder  and  the  speed  were 
maintained  constant;  the 
power  was  utilized  by  varying 
the  grinder  pressure  according 
to  the  number  of  pockets  used. 
When  using  one  pocket  and  a 
pressure  of  120  pounds  per 
square  inch  the  consumption 
per  ton  was  58  horsepower, 
while  with  three  pockets  and 
a  pressure  of  36|  pounds  the 
power  consumption  per  ton 
was  approximately  89  horse- 
power. This  is  only  another 
way  of  demonstrating  that 
the  power  consumption  per 
ton  of  pulp  in  24  hours  is  much 
lower  under  conditions  of  high 
pressure  of  grinding  than  un- 
der conditions  of  low  pressure. 
This  test  is  of  interest  to  man- 
tif  acturers,  because  it  suggests 
that  by  using  a  smaller  number 
of  pockets  they  can  procure  a 
larger  quantity  of  pulp  during 
times  of  low  water  without 
sharpening  the  stone  to  an  un- 
usual degree. 

The  relation  of  pressure  on 
the  grinder  cylinder  to  horse- 
power per  ton,  horsepower  to 
the  grinder,  and  production  in 
24  hours  when  the  wood  was 
steamed  prior  to  grinding  is 
shown  in  figure  9.     In  this  case 

the  pressure  has  not  nearly  so  marked  an  effect  upon  the  various 
factors  as  it  had  in  the  tests  shown  in  figure  7.     The  wood  was 
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steamed  for  a  period  of  six  hours  at  60  pounds  pressure,  and  two 
pockets  were  used  in  the  grinding. 


INFLUENCE    ON    YIELD   AND    QUALITY. 

Figure  10,  which  shows  the  relation  between  yield  per  hundred 
eubic  feet  of  solid   rossed   wood  and  the  pressure  on  the  grinder 

cylinder,  indicates  that 
^vith  increasing  pressure 
the  yield  of  pulp  in- 
creases. Although  the 
amount  of  screenings 
also  increases,  there  is 
a  gain  in  the  yield 
of  screened  pulp  at 
high  pressure,  due  to 
the  smaller  quantity 
of  pulp  in  the  white 
water.  The  increase 
was  approximately  11.5 
per  cent  in  the  tests  on 
which  this  figure  is 
based. 

The  effect  of  pressure 
on  the  quality  of  pulp, 
as  indicated  by  the 
strength  of  the  paper, 
is  shown  by  figure  11. 
The  strength  factor,  or 
the  bursting  strength  per 
square  inch  divided  by 
the  weight  per  ream, 
decreases  with  increasing  pressure.  The  decrease  in  the  strength  of 
the  paper  with  the  power  consumed  in  making  a  ton  of  pulp  is 
also  sho^vn. 

PEREPHERAL  SPEED  OF  STONE. 

In  most  commercial  plants  the  peripheral  speed  of  stone  is  given 
little  attention,  and  perhaps  rightly  so.  Wlien  the  pressure  on  a 
pocket  of  the  grinder  is  removed  the  speed  will  increase  greatly  unless 
controlled  by  a  governor.  The  effect  of  this  increased  speed  is  gen- 
erally more  beneficial  than  otherwise,  smce  it  prevents,  to  some 
extent,  a  decrease  in  the  production  of  pulp  with  the  smaller  number 
of  pockets  in  operation.  There  are  conditions  of  operation  which 
require  a  fairly  constant  speed,  and  the  use  of  a  governor  is  therefore 
desirable,  especially  when  the  peripheral  speed  is  high.     It  is  easy  to 
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see  that  the  removal  of  the  pressure  from  a  pocket,  especially  if  a  very 
high  one  we^;'e  being  carried,  might  so  relieve  the  stone  that  the  speed 
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would  increase  to  a  dangerous  degree.     However,  stones  are  generally 
operated  considerably  below  their  bursting  speeds. 
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INFLUENCE    ON    THE    POWER    CONSUMPTION    AND    RATE    OF   PRODUCTION. 

Figure  12  shows  that  the  power  to  the  grinder  varies  directly  with 
the  speed,  as  does  also  the  production  in  24  hours,  but  to  a  greater 
extent.     This  results  in  a  lower  power  consumption  per  ton  with 


100 


a 

UJ 

o. 

(/> 

m 

-J 

I 
a: 


80 


I  60 


t; 


S^o 


CO 
CO 


20 


j 

^ 

i 

f 

/ 

/ 

/ 

A 

\» 

/ 

^ 

2000  2100  2200  2300 

YIELD  PER  100CU.FT.0F  SOLID  ROSSED  WOOD-LBS. 

Fig.  10.— Relation  of  yield  to  pressure,  225  r.  p.  m..,  2  pockets.    (Runs  Nos.  52  to  56,  inclusive.) 

increase    of   speed.     In    these    tests    the   pressure   was   maintained 
constant. 

In  the  tests  plotted  in  figure  13  the  power  to  the  grinder  was  main- 
tained as  nearly  constant  as  possible,  and  both  the  pressure  and  speed 
were  varied,  though  so  adjusted  as  to  utilize  the  power  in  each  case. 
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With  CQjastant  power  to  the  grinder  the  production  in  24  hours  is 
practically  constant,  regardless  of  whether  the  pulp  is  produced  at 
low  pressure  and  high  speed  or  at  high  pressure  and  low  speed, 
although  there  seems  to  be  a  very  slight  decrease  in  the  production  at 
low  speed  and  high  pressure.     This  effect  is  seen  more  clearly  in  the 
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curve  for  horsepower  per  ton.  While  the  power  consumption  per 
ton  of  pulp  is  practically  constant,  there  is  a  slight  increase  as  the 
pressure  increases  and  the  speed  decreases.  In  commercial  practice 
the  grinders  ordinarily  receive  a  certain  amount  of  power  direct,  ^and 
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it  was  thought  that  pressure  and  speed  could  be  so  combined  as  to 
secure  a  maximum  production  of  pulp  from  the  power  supplied  to  the 
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grinder.     This,  however,  did  not  prove  to  be  the  case,  since  in  the 
range  covered  m  the  tests  the  production  was  practicallj  constant 
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INFLUENCE    ON    YIELD   AND    QUALITY. 


The  yield  per  cord  and  quality  of  pulp  are  only  slightly  influenced 
by  the  speed.     The  yield  appears  to  be  somewhat  higher  with  high 
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speed;  the  difference,  however,  is  small.     The  quality  as  determined 
by  strength  tests  of  the  papers  is  not  influenced  so  much  by  speed  as 

76296°— Bull.  127—13 4. 
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by  pressure  of  grinding.     There  is^  however,  an  increase  of  strength 
with  decrease  of  speed. 

The  relation  of  speed  and  of  pressui^e  to  strength  by  Mullen  test  in 
points  per  pound  is  shown  in  figure  14.  The  tests  on  which  this  curve 
is  based  are  the  same  as  those  shown  in  figure  13.  The  strength  of 
the  paper  is  greater,  the  power  to  the  grinder  being  constant,  when 
the  pulp  is  produced  at  high  pressure  and  low  speed  than  when  it  is 
produced  at  low  pressure  and  high  speed. 
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Fig.  14.— Relation  of  strength  i'actor  to  speed  and  pressure;  3-30  horsepower  to  grinder.    (Runs  Nos.  32 

to  38,  inclusive.) 


TEMPERATURE    AXD  THICKNESS  OF  STOCK  IX  THE   GRINDER   PIT. 

The  effect  of  the  temperatui-e  at  which  mechanical  j^iilp  is  produced 
has  long  been  the  cause  of  a  difference  of  opinion  between  American 
and  European  manufacturers.  American  paper-making  practice 
requires  in  almost  all  cases  the  production  of  ground  wood  at  high 
tempera tui^e,  and  it  is  claimed  that  pulp  so  produced  has  stronger 
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and  longer  fibers  and  is  considerably  tougher  than  cold-ground  pulp 
and  works  ^' freer"  on  the  machine.  On  the  other  hand,  it  is  claimed 
that  cold-ground  pulp  is  finer,  freer  from  shives,  that  it  gives  a  better 
'^closed"  sheet  of  paper,  and  has  greater  opacity  than  hot-ground 
pulp.  These  points,  however,  are  difficult  to  prove  or  disprove.  A 
number  of  tests  were  run  to  determine  the  effect  of  cold  grinding 
upon  factors  of  economic  production,  but  most  of  the  experiments 
were  made  by  the  hot-grinding  process. 

The  thickness  of  pulp  in  the  grinder  pit  is  another  factor  which  is 
claimed  to  have  an  important  influence  on  the  paper  produced.' 
Many  manufacturers  run  their  pulp  extremely  thick,  while  others  run 
it  comparatively  thin.  Some  claim  that  a  stone  wiU  not  clean  itself 
unless  the  stock  is  very  thick,  and  that,  as  a  result,  there  will  be  more 
or  less  regrinding  of  the  pulp  with  thin  stock.  The  tests  discussed 
in  this  report  were  conducted,  for  the  most  part,  with  thick  stock  in 
the  grinder  pit. 

INFLUENCE    ON   POWER   CONSUMPTION   AND    RATE    OP   PRODUCTION. 

Table  3  (tests  Nos,  39  to  50,  133  to  136,  and  155  to  158)  contains 
data  secured  under  conditions  of  hot  and  cold  grinding  and  shows 
that  varying  the  temperature  from  cold  to  hot  has  little  effect  upon 
the  power  consumption  or  power  to  grinder,  but  the  production  in 
24  hours  is  somewhat  higher  under  conditions  of  hot  grinding. 
Table  1  gives  the  amount  of  power  required  to  rotate  the  grinder  at 
various  speeds  without  load,  but  with  stock  of  different  consistency 
in  the  grinder  pit.  To  overcome  the  friction  of  the  pulp  and  bearings 
of  the  grinder  when  a  thick  stock  was  employed,  from  12.4  to  18.7 
kilowatts  were  required;  with  a  very  thin  stock  in  the  grinder  pit 
from  2.7  to  10  kilowatts  were  needed.  A  maximum  difference  of 
14.5  kilowatts  between  the  power  required  for  thick  and  for  thin 
stock  in  the  grinder  pit  occurred  at  175  revolutions  per  minute.  This 
amount  of  power,  when  calculated  to  the  basis  of  power  consumption 
per  ton  of  pulp,  becomes  negligible. 


Table  1. 


-Power  to  the  grinder  in  kilowatts  at  different 
and  thin  stock  in  the  pit 


without  load,  with  thick 


Condition  of  stock. 

Power  to  grinder. 

Revolutions       of 
stone  per  minute 

100 

125 

150 

175 

200 

225 

250 

Thick 

Kilowatts. 
12.4 
2.7 

Kilowatts. 
14.9 
3.4 

Kilowatts. 
16.3 
3.1 

Kilowatts. 
18.7 
4.2 

Kilowatts. 
14.0 
6.0 

Kilowatts. 
14.0 
8.0 

Kilowatts. 
15.3 

Thin-. 

10.0 

Difference. . 

9.9 

11.5 

13.2 

14.5 

8.0 

6.0 

5.3 

28  THE    GEHSTDIISTG   OF    SPRUCE   FOE    MECHANICAL   PULP. 

INFLUENCE    ON    YIELD   AND    QUALITY. 

The  temperature  of  grinding  and  thickness  of  stock  in  the  grinder 
pit  do  not  influence  the  yield  per  cord  of  wood.  The  quahty  of  pulp, 
however,  is  affected.  The  pulp  produced  at  high  temperature  is  long 
fibered,  while  a  fine-fibered  pulp  is  more  easily  secured  by  the  cold- 
grinding  process. 

Table  5  (tests  Nos.  39  to  50,  133  to  136,  and  155  to  158)  gives  daat 
of  tests  of  paper  made  from  pulp  manufactured  at  different  tempera- 
tures. It  appears  that  the  temperature  has  ver^^  little  influence  on 
the  properties  determmed  b}^  these  tests. 

PHYSICAL    CONDITION    OF    THE    WOOD. 

The  question  of  the  influence  of  the  physical  condition  of  the  wood 
is  a  very  important  one.  Wood  for  pulp  is  almost  invariably  allowed 
to  season  for  a  long  period  before  it  is  used,  and  as  a  result  there  is 
considerable  loss  due  to  rotting,  and  the  wood  becomes  darker  in 
color.  It  is  more  difficult  to  secure  a  long-fibered  pulp  from  wood 
which  has  been  seasoned  for  a  long  period  than  from  green  material. 
The  treatment  of  wood  by  steammg,  bofliag,  or  some  similar  process 
prior  to  grmdmg  is  important,  because  by  such  treatment  better  fibers 
can  be  obtained  than  when  woods  are  ground  without  treatment. 
This  makes  possible  the  use  of  woods  which,  if  ground  ia  the  natural 
state,  would  yield  very  short-fibered  pulps.  In  this  way,  too,  pitchy 
woods  can  be  made  usable  by  the  mechanical  process. 

In  commercial  practice  it  often  happens  that  wood  is  ponded  for  a 
long  time  before  it  is  ground.  Unfortunately,  wood  of  this  kmd  was 
not  available  for  test. 

INFLUENCE    ON    POWER    CONSUMPTION    AND    RATE    OF   PRODUCTION. 

It  was  shown  m  figure  9  that  when  the  wood  had  been  steamed 
prior  to  grinding  for  six  hours  at  a  steam  pressure  of  60  pounds  per 
square  iach,  the  horsepower  consumption  per  ton  varied  but  slightly 
with  variation  in  pressure.  There  is  a  decided  contrast,  however,  in 
the  forms  of  the  curves  of  power  consumption  and  rate  of  production 
obtained  on  untreated  and  steamed  wood,  as  may  be  seen  m  figure  15. 

The  relation  of  the  pressure  on  the  grinder  cylmders  to  the  horse- 
power consumption  per  ton,  horsepower  to  grinder,  and  the  produc- 
tion in  24  hours,  when  green,  seasoned,  and  steamed  woods  were 
ground  is  shoAvn  m  figure  16.  At  low  pressures  the  power  consumption 
per  ton  of  pulp  is  higher  for  seasoned  wood  than  for  steamed  wood, 
while  at  high  pressures  the  reverse  is  true.  For  green  wood  the  aver- 
age power  consumption  is  lower  than  for  either  seasoned  or  steamed 
material.  The  power  to  the  grinder  for  either  seasoned  or  green  wood 
under  like  conditions  of  speed  and  pressure  is  practically  the  same, 
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but  it  is  less  for  steamed  wood.     This  is  due,  undoubtedly,  to  the  more 
slippery  condition  of  the  steamed  material.     The  rate  of  production  of 
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pulp  from  green  wood  is  more  rapid  than  from  either  seasoned  or 
steamed  wood. 
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IXFLUEXCE    OX    YIELD    AXD    QUALITY. 

Figure  17  shows  graphically  the  weight  per  cubic  foot  of  various 
woods  and  the  Yields  secured  from  them  under  like  conditions.     The 
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woods  tested  had  been  steamed  for  a  period  of  six  hours  at  a  pressure 
of  60  pounds.  The  species,  with  numbers  corresponding  to  those  in 
the  figure,  were : 


1.  Western   yellow   pine    {Pinus   ponde- 

rosa). 

2.  Lodgepole  pine,  Montana  (Pinus  con- 

torta) . 

3.  Western  larch  (Larix  occidentalis) . 

4.  Lodgepole  pine,  California  (Pinus  con- 

torta) . 
6 .  White  spruce  (Picea  canadensis) ,  normal 

growth. 
6.  Red  fir  (Abies  magnifica). 


7.  Aspen  ^  (Populus  tremuloides) . 

8.  Balsam  fir  (Abies  balsamea). 

9.  Jack  pine  (Pinus  divaricata). 

10.  Hemlock  (Tsuga  canadensis). 

11.  Tamarack  (Larix  laricina). 

12.  Paper  birch  ^  (Betula  papyri/era). 

13.  Sitka  spruce  (Picea  sitchensis). 

14.  Western  hemlock  ( Tsuga  heterophylla) , 

15.  White  spruce  (Picea  canadensis),  ro^ipid 

growth. 


The  yields  are  almost  directly  proportional  to  the  bone-dry  weight  of 
the  wood  per  cubic  foot.  In  the  same  figure  the  relation  between 
yield  and  dry  weight  is  shown  when  unsteamed  wood  was  used.  In 
this  case  also  the  two  factors  vary  directly. 

The  yield  of  pulp  per  100  cubic  feet  of  solid  wood  appears  to  be 
approximately  the  same  from  seasoned  and  green  wood.  It  is  very 
probable,  however,  that  on  the  basis  of  a  cord  of  rough  wood  the 
yield  would  be  smaller  for  seasoned  material  on  account  of  the  decayed 
portions.  The  yield  of  pulp  from  steamed  wood  is  a  great  deal  lower 
than  from  seasoned  or  green  material.  This  may  be  due  to  the 
solvent  action  of  hot  water  on  wood,  and  the  assumption  is  strength- 
ened by  the  fact  that  the  yield  becomes  less  as  the  treatment  is  pro- 
longed or  the  steaming  pressure  raised.  The  relation  between  yield 
and  duration  of  treatment  is  shown  in  figure  18.  It  is  probable  also 
that  the  yield  from  ponded  wood  is  lower  than  from  dry  or  green 
wood,  on  account  of  the  dissolving  action  of  the  water. 

The  quality  of  the  pulp  does  not  seem  to  be  influenced  greatly  by 
the  moisture  content  of  the  wood  or  weight  per  cubic  foot.  However, 
by  treating  the  wood  prior  to  grinding  the  strength  is  much  increased 
and  the  color  darkened.  Therefore,  when  strength  is  the  important 
factor  steaming  prior  to  grinding  raises  the  quality  of  the  pulp,  but 
when  light  color  is  one  of  the  chief  considerations  the  quality  is 
greatly  lowered. 

Plate  VII  shows  two  photomicrographs  of  pulp  produced  under 
the  same  conditions;  the  one  from  wood  which  had  been  previously 
steamed,  and  the  other  from  unsteamed  wood.  The  effect  of  steam- 
ing is  readily  discernible  in  the  appearance  of  the  fiber. 


Generally  called  "popple"  in  Wisconsin. 


2  Generally  called  white  birch,  in  Wisconsin. 


32 


THE    GRINDING    OF    SPRUCE   FOE    MECHANICAL   PULP. 


\ 

\ 

■\ 

\ 

"• 

o 

\ 

^ 

< 

\ 

^ 

« 

\ 

v 

•'^ 

? 

\ 

;-^ 

V- 

\ 

\ 

\ 

N, 

\ 

\ 

a 

\ 

k 

fj 

a 

\ 

\ 

t 

V 

•  \ 

• 

0 

V 

•^ 

\ 

.'^ 

\ 

CO 
O    M 

Ti-    I 


f^J 

t 

J-) 

u. 

o 

-) 

N 

<-) 

TS 

AC 

^ 

LU 

rA 

Q. 

^ 

g 

°, 

'a 

00 

>- 

i 

■3 

2 

1 

o  T 

5 

o  a 

^ 

^ 

« 

Q 

i 

UJ 

o  S 

O    " 

CM    _J 

c/> 

1- 

u. 

d 

5^  i 

e 

UJ 

a. 

C5 

O     "-Li 

o   ^ 

OJ 

s 


e»  en  c»i  c* 

•SBl-AUQ  BNOa-QQOM  JO'IJ-nO  Uid  1H3I3M 


Bui.  127,  Forest  Service,  U.  S.  Dept.  of  Agriculture. 


Plate  VII. 


Fig.  1.— Steamed  Wood,  220  Horsepower  Per  Ton. 


Fig.  2.— Unsteamed  Wood,  89.9  Horsepower  Per  Ton. 

COMPARISON     OF     SPRUCE     PULPS     MADE    FROM     STEAMED    AND 
UNSTEAMED    WOODS. 

(Magnitied  15  diameters.) 
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OTHER    FACTORS. 


POWER   CONSUMPTION   PER    UNIT   OF   STRENGTH. 

Figure  19  shows  the  effect  of  the  consumption  of  different  amounts 
of  power  on  the  strength  of  paper  made  from  the  experLtnental  pulps. 
It  is  evident  that,  under  the  present  methods  of  manufacturing  me- 
chanical pulp,  the  utilization  of  a  considerable  amount  of  power  is 
necessary  to  obtain  a  strong  paper.  The  paper  increases  in  both  ten- 
sile and  bursting  strength  with  the  power  consumption,  although  not 
uniformly.  The  indications  are  that  a  maximum  value  of  strength 
will  be  obtained  at  some  value  of  power  consumption,  and  that  above 
this  value  the  strength  will  decrease. 

A  factor  of  great 
importance  in  com- 
mercial manufacture 
is  the  power  consump- 
tion per  ton  per  meter 
of  breaking  length  of 
paper,  or,  as  it  might 
also  be  expressed,  the 
power  consumption 
per  ton,  per  point,  per 
pound  test.  By  divid- 
ing values  of  power 
(fig.  19)  by  the  corre- 
sponding values  of 
strength,  results  are 
obtained  which  indi- 
cate that  for  each 
horsepower  expended 
in  the  manufacture  of 
pulp  at  low-power 
consumption  a  greater 
degree  of  strength  is 
obtained  in  the  re- 
sultant paper  than  for  a  horsepower  expended  under  conditions  of 
high-power  consumption.  This  fact  suggests  that  maximum  effi- 
ciency in  the  production  of  a  mixed  ground  wood  and  sulphite  paper 
of  a  given  strength  requires  the  proper  adjustment  of  both  the  power 
consumption  of  the  grinder  and  percentage  of  sulphite  in  the  mixture. 
For  instance,  it  might  be  desirable  to  use  a  small  amount  of  power 
per  ton  of  pulp  and  a  relatively  high  proportion  of  sulphite,  rather 
than  a  higher  power  consumption  and  lower  proportion  of  sulphite. 
The  proper  adjustment  would  depend,  of  course,  on  the  relative  value 
of  ground  wood  produced  by  high  and  low  power  and  sulphite  fiber. 
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Fig.  18.— Relation  of  yield  to  length  of  time  wood  was  steamed  prior 
to  grinding.    (Runs  Nos.  103  to  107  and  114  to  119,  inclusive.) 
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SIZE    OF    BOLTS    AND    RATE    OP    GROWTH. 

The  diameter  and  rate  of  growth  of  the  wood  have  very  little  effect 
upon  either  the  power  consumption  or  rate  of  production.  The  rate 
of  production  decreases  slightly  when  wood  of  medium  diameter 
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(6  to  8  inches)  is  used.  This  is  due  to  the  fact  that  in  order  to  fill  the 
pockets  some  of  the  wood  must  be  split;  which  causes  more  or  less 
binding. 
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The  yield  and  quality  are  both  influenced  by  the  rate  of  growth  of 
the  wood.  The  yield  is  considerably  lower  from  wood  of  rapid  growth 
than  from  wood  which  has  grown  slowly.  The  pulp  is  softer  when 
rapid-growth  wood  is  used,  although  the  strength  is  practicaUy  the 
same. 

EFFICIENCY  OF   CONVERSION, 

The  efficiency  of  converting  rossed  wood  into  pulp  under  ordinary 
commercial  conditions  averages  approximately  88  per  cent.  Thia 
leaves  12  per  cent  of  the  weight  of  the  wood  to  be  accounted  for  ia 
either  screeniags  or  white-water,  or  as  water-soluble  material.  From 
about  2  to  7  per  cent  is  lost  in  screenings  and  white-water  as  wood 
fiber;  the  remainder,  5  to  10  per  cent,  must  be  in  the  white-water 
as  soluble  or  insoluble  organic  or  iaorganic  materials.  The  wood 
when  ground  is  in  a  very  finely  divided  state  and  may  be  acted  upon 
quite  readily  by  the  water  with  which  it  is  mixed.  It  is  reasonable 
to  suppose  that  the  dissolved  portion  would  be  greater  under  con- 
ditions of  extremely  hot  griading  than  when  the  cold-griading  pro- 
cess is  used.  Likewise,  there  would  be  a  greater  loss  when  the  pulp 
remains  in  contact  with  water  for  a  considerable  period  than  there 
would  be  if  it  were  immediately  run  out  on  the  wet  machine. 

CONCLUSIONS. 

From  the  results  of  the  experiments  the  following  general  conclu-* 
sions  are  drawn: 

(1)  The  power  to  grinder  increases  with  speed  and  pressure  of 
grinding  and  decreases  with  the  degree  of  sharpness  of  stone.  There 
is  also  a  very  slight  increase  in  the  power  required  with  increase  of 
temperature,  other  conditions  remaining  constant,  while  the  thick- 
ness of  stock  in  the  grinder  pit  has  almost  no  influence.  With  all 
other  conditions  simflar  the  power  to  the  grinder  is  less  for  steamed 
wood  than  for  green  or  seasoned  wood  untreated. 

(2)  The  rate  of  production  varies  directly  with  pressure,  speed, 
and  degree  of  sharpness  of  the  stone.  Less  pulp  is  obtained  in  24 
hours  with  seasoned  wood  than  with  green,  and  stfll  less  with  steamed 
wood,  all  other  conditions  being  the  same.  The  temperature  and 
thickness  of  stock  in  the  grinder  pit  have  little  influence  on  the  rate 
of  production.     Slightly  less  pulp  is  produced  at  low  temperatures^ 

(3)  The  horsepower  consumption  per  ton,  when  untreated  wood  is 
ground,  increases  as  the  pressure  decreases,  accordiag  to  a  fairly 
definite  law.  It  is  lower  on  sharp  stones  than  on  dull  ones  and 
increases  as  the  speed  decreases.  There  is,  however,  not  as  much 
diflerence  between  the  power  consumption  per  ton  at  low  speed  and 
high  speed  as  there  is  between  power  consumption  at  low  pressure 
and  high  pressure.     The  power  consumption  is  very  little  influenced 
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by  temperature,  but  it  is  slightly  lower  at  high  temperature.  The 
power  consumption  is  higher  for  seasoned  than  for  green  wood,  and 
higher  for  steamed  wood  than  for  either  seasoned  or  green  material 
ground  under  the  same  conditions. 

(4)  The  yield  of  pulp  per  cord  is  greater  at  high  pressure  than  at 
low,  and  while  tliis  is  true  also  of  the  screenings  there  is  not  as  much 
fine  material  lost  in  white  water  when  high  pressure  is  used.  The 
yield  is  not  greatly  influenced  by  the  surface  of  the  stone,  but  it  is 
slightly  higher  at  high  speed  than  at  low.  The  yield  is  proportional 
to  the  bone-dry  weight  per  cubic  foot  of  wood. 

(5)  The  quality  of  pulp  varies  most  with  the  surface  of  the  stone, 
less  with  the  pressure,  and  least  with  the  speed.  The  weight  per  cubic 
foot  and  character  of  wood,  especially  the  latter,  influence  quality  to 
a  marked  extent.  Temperature  also  has  a  marked  influence.  Pulp 
of  greater  strength  is  obtained  at  higher  temperature;  that  produced 
at  low  temperature  will  take  a  better  finish.  Pulp  of  better  color  can 
be  obtained  from  green  wood  than  from  seasoned,  and  stronger  pulp 
can  be  obtained  by  cooking  the  wood  prior  to  grinding.  The  quality 
of  paper  produced  under  exactly  the  same  conditions,  but  made  of 
pulp  produced  at  different  grinder  pressures,  varies  directly  with  the 
grinder  pressure  and  the  horsepower  consumption  per  ton  of  pulp. 
Mechanical  pulp  of  greatest  strength  can  be  produced  only  by  the  use 
of  a  relatively  large  amount  of  power. 

SUMMARY  OF  DATA. 

A  summary  of  the  experimental  data  upon  which  the  results  given 
in  this  bulletin  are  based  is  given  in  Tables  3,  4,  and  5.  Tables  3  and 
4  show  the  grinding  conditions  and  resultant  factors  for  untreated 
and  for  steamed  wood,  respectively.  Table  5  gives  the  results  of  the 
quality  test  on  the  pulps  and  on  the  papers  manufactured  from  them. 

The  following  explanations  apply  to  quantities  given  in  Tables 
3  and  4: 

"Average  horsepower  to  grinder."  This  is  obtained  by  a  watt-hour  meter,  and 
represents  the  actual  consumption  of  power, 

"Maximum  horsepower  to  grinder."  This  is  obtained  from  a  recording  wattmeter 
and  represents  the  maximum  power  required  by  the  grinder  for  one  minute  or  longer 
at  any  time  during  the  test. 

"Efficiency  of  conversion."  The  efficiency  of  conversion  is  a  factor  obtained  by 
dividing  the  yield  per  100  cubic  feet  of  solid  rossed  wood  by  the  bone-dry  weight 
per  100  cubic  feet  of  the  wood  ground. 

"Horsepower  consumption  per  ton  of  bone-dry  pulp  in  24  hours."  The  power  con- 
sumption per  ton  is  calculated  by  dividing  the  average  horsepower  to  the  grinder  by 
the  production  of  bone-dry  pulp  in  24  hours. 

The  methods  of  computing  results  of  the  tests  is  explained  more 
fully  in  the  Forest  Service  publication,  Experiments  with  Jack  Pine 
and  Hemlock  for  Mechanical  Pulp. 
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